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Introduction 
 
 Corona discharge devices are widely used in electro-
static precipitation, separation of dielectric materials, 
electrostatic spraying, electrostatic printing, xerographic 
copying processes, intensification of chemical reactions, 
heat and mass exchange processes, textile technologies, 
biotechnologies, etc. The main means of theoretical 
investigation of corona field at the beginning of corona 
discharge using were analytical methods based on 
Deutsch‘s and Kaptsov‘s assumptions, Peek‘s and Town-
end‘ formulas [1-3]. Numerical computation of corona 
fields is the main way of research during the past thirty 
years. Usually two-dimension approach is used re-
presenting corona field in devices with wire emitting 
electrodes as plane field and the field in devices with 
needle electrodes representing as axially symmetric one. 
Finite difference [4, 5] and finite element [6-8] methods 
are used often for two-dimensional field computations in 
above mentioned cases. We prefer the finite difference 
method for it‘s simplicity. This paper is devoted to 
computation of direct current corona field in electrode 
systems with wire emitting electrodes such as wire-plate, 
wire-duct, a set of wires parallel to plate, a set of wires 
placed centrally and non-centrally between two parallel 
plates. The main weakness of the finite difference method 
is the difficulty in the construction of the computational 
grid. It is easy to describe boundary conditions in areas 
surrounding the wire if the polar coordinate system is used, 
on the other hand the Cartesian coordinate system should 
be used in areas near the plane electrodes and boundaries 
represented by straight lines. The computational grid in 
Cartesian coordinates is more preferable for easiness of 
boundary conditions description near the plane electrodes 
and for relative simplicity of the equations. In each the 
case the grid must be significantly finer than the wire 
radius to achieve the sufficient accuracy of computations. 
Authors [4, 5] use the regular grid. Local mesh size 
reducing in area near the surface of the wire is used in [4] 
and [6]. The problem of matching the grid lines in 
Cartesian coordinate system and the circular surface of the 
wire remains in all mentioned papers. We divide all the 
computational area into two subareas: irregular grid at the 
surface of the wire and the regular one in all other areas. 
For this purpose we use the difference approximation of 
field equations in irregular and regular grids. 
 
Field equations 
 
 The electric field of direct current corona discharge 
may be represented by the system of equations consisting 
of Poisson‘s equation, equation relating the field strength 
E and potential V, continuity equation for current density 
vector J, and equation relating the vectors J and E [3]. 
Boundary conditions needed for the solution of field 
equations are the values of electrode potentials and the 
field strength E0 on the surface of the wire corresponding 
to corona onset vorltage U0. The continuity equation 
involves the derivative of space charge density ρ in 
general case: 
0.div =+∂∂ Jtρ                             (1) 
 
 This paper deals with stationary conditions of direct 
current corona field, therefore 0=∂∂ tρ . We assume also 
that ion mobility b = const., as in the papers of many 
authors [4-8]. The phenomenon of ion diffusion is denied. 
 There are at least two ways for solving the system of 
equations of corona field. The first assumes the conversion 
of this system to the one non-linear differential equation 
[6]: 
 
 ( ) ( ) .0divgradgraddivgrad 2 =⋅+ VVV           (2) 
 
 Equation (2) may be solved by representing it as a 
product of two functions, each of which depends only 
upon x and only upon y: 
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 Equation (3) isn‘t often used for corona field 
calculations  because  it  can lead to unpredictable 
behavior of numerical system [6]. 
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 Many authors use various algorithms for the numerical 
solution of Poisson‘s and continuity equations 
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 Solution of these equations depends upon the method 
of computing (finite difference or finite element), upon 
initial assumptions and boundary conditions [7]. Our 
algorithm of solution is based on finite difference method 
using an iterative procedure in turn from equation (4) to 
equation (5). 
 
Difference equations for irregular grid 
 
 Poisson‘s equation (9) for two-dimensional space 
contains the second derivatives with respect to x and y in 
Cartesian coordinate system [9]: 
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 First derivatives at the point O(x0,y0) (Fig. 1) may be 
expressed through corresponding first order differences as 
follows: 
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 The second derivative is the derivative of the first one, 
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Potential derivatives with respect to coordinate x at the 
points Q/ and S/ may be found in the same manner as at the 
point O: 
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 The second derivative with respect to coordinate x at 
the point O: 
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Potential derivatives with respect to coordinate y at the 
points R/ and P/: 
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Fig. 1. Irregular grid in Cartesian coordinate system 
 
 The second derivative with respect to y at the point O: 
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 Substituting eqs. (13) and (16) into eq. (6) gives the 
difference approximation of Poisson‘s equation for 
irregular grid: 
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or, in the short form, 
 
 ;ORRPPSSQQO ρρkVkVkVkVkV ++++=        (18) 
 
where 
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aaak ++=                 (19) 
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 Continuity equation (5) contains only of first deriv-
atives: 
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Regular grid 
 
 The mesh size of regular grid is constant 
 
 .SRQP haaaa ====  (26) 
 
 Coefficients PRQP ,,, kkkk of Poisson‘s equation (18) 
become equal to 0,25 in this case, coefficient ρk  is equal 
to ε2h . Difference approximation of Poisson‘s equation 
transforms to convenient form for regular grid  
[3,4], 
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 Charge density and potential gradients in continuity 
equation (5), 
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 Substituting eqs. (28) and (29) into an eq. (5) gives the 
difference approximation of continuity equation: 
 
( ) ( )( )⎢⎣⎡ ×−+−−= 2PR2SQ2O 4 VVVVhερ  
                      ( ) ( ) .5,02PR2SQ ⎥⎦⎤−+−× ρρρρ      (30) 
 
 Iterative procedure is used for numerical solving the 
eqs. (27) and (30). 
Boundary area of irregular grid 
 
 Boundary area of irregular grid at the surface of wire 
electrode is shown in Fig. 2.  
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Fig. 2. Boundary area of irregular grid 
 
There are two types of points in this area: a point 1(x1, y1) 
having a one irregular distance aS1, and a point 2(x2, y2) 
having two irregular distances aR2 and aS2 in the five-point 
computational scheme. Assuming that the coordinate of 
wire center is h1, it‘s radius r1, mesh size of regular grid h 
and coordinates of the points 1 and 2 may be written as 
,11 hix =  ,11 hjy =  ,22 hix = and ,22 hjy =  these distances 
may be found from geometrical relations: 
 
( ) ( ) ,211211211211S1 hhjrhihyrxa −−−=−−−=  (31) 
( ) ( ) ,221212221212S2 hjhrhiyhrxa −−−=−−−=  (32) 
( ) .222211222211R2 hjhirhyxrha −−−=−−−=   (33) 
 
 Values of computational scheme distances for points 
in wire boundary area laying between straight lines x = 0 
and y=h1 (Fig. 2) are given in Table 1(for h1 = 10,0 mm, r1 
= 0,1 mm, h = 0,02 mm ). 
 
Table 1. Computational scheme distances for wire boundary area 
x y aP aQ aR aS 
0,02 9,90 0,020 0,020 0,002 0,020 
0,04 9,90 0,020 0,020 0,008 0,020 
0,06 9,90 0,020 0,020 0,020 0,020 
0,08 9,92 0,020 0,020 0,020 0,020 
0,10 9,94 0,020 0,020 0,020 0,020 
0,10 9,96 0,020 0,020 0,020 0,008 
0,10 9,98 0,020 0,020 0,020 0,002 
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 Values of coefficients kP – kS in eq. (18) found from 
eqs. (19)–(22) and corresponding to the distances of Table 
1 are given in Table 2. Dimensions of point coordinates x 
and y are given in mm in both tables. 
 
Table 2. Values of coefficients kP – kρ for wire boundary area 
x y kP kQ kR kS 
0,02 9,90 0,083 0,046 0,825 0,046 
0,04 9,90 0,021 0,147 0,498 0,147 
0,06 9,90 0,250 0,250 0,250 0,250 
0,08 9,92 0,250 0,250 0,250 0,250 
0,10 9,94 0,250 0,250 0,250 0,250 
0,10 9,96 0,147 0,208 0,147 0,498 
0,10 9,98 0,046 0,083 0,046 0,825 
 
 The sum of weight coefficients kP, kQ, kR, and kS  for 
each point in wire boundary area is equal to 1. The smaller 
value of the distance a from the surface of wire causes the 
greater value of corresponding coefficient. 
 
Conclusions 
 
1. Digital approximation of DC corona field differential 
equations for irregular and regular grids in Cartesian 
coordinates is presented. 
2. Values of weight coefficients of Poisson‘s equation for 
irregular grid in wire boundary area are inverse 
proportional to the corresponding distances from the 
surface of the wire. 
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